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INTRODUCTION 
The widespread use of pesticides during the last two decades 
has played an important role in the development of today's agricultural 
system and is one of the major topics of modern science. It is also 
expected to assist in meeting the nutritional needs of the rapidly ex­
panding populations in the world. The organophosphorus insecticides are 
among the most toxic pesticides employed for agricultural pest control. 
However, organophosphorus insecticides are usually rapidly degraded and 
eliminated. There has been a great amount of study on the chemical, 
microbial, and physical factors affecting degradation of organophosphorus 
insecticides, but degradation pathways and behavior have not really been 
understood which may be due to the variability of the soil selected and 
the environmental factors. 
In this study we attempted to understand the degradation of 
organophosphorus insecticides, Terbufos, Phorate, Fonofos, and Ethoprop, 
(1) in presence of antimicrobials such as PCNB, Bronopol, Benomyl which 
may affect populations at bacteria and fungi, and (2) effects on phos­
phatase activities in soil with time. 
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LITERATURE REVIEW 
Metabolism of Orga·nophosphate Insecticides 
Organophosphates having insecticidal activity can be traced to 
a basic structure which was first defined by Schrader's ( 1) acyl formula 
(Fig 1) in 1963. He predicated that a biologically 
Fig. 1 Schrad.er' s Acyl Formula 
active phosphates will be obtained when the following conditicns are 
fulfilled: 
(a) Either sulfur or oxygen must be directly bound to the 
phosphorus atom. 
(b) R1 and R7 may be alkoxy, alkyl or amino residues 
(c) Acyl represents the anion of an organic or inorganic acid 
such as fluorine, cyanate, thiocyanate, or of other acidic residues. 
Schrader's formula and predication demonstrated a successful 
relationship between str�sture and activity of organophosphates. 
The acute toxicity of org�nophosphorus insecticides is express-
ed as the LD50 which means the dosage that is lethal to SO% of the test 
animal;;. TI1e oral acute LD50 value for terbufos is 3. 5 mg/kg (male 
mouse); 9. 2 mg/kg (female mouse); 4.5 mg/kg (male rat); 9.0 mg/kg 
(female rat); for phorate it is 2-4 mg/kg (male rat); for fonofos it is 
8-17.5 mg tech/kg (male rate); for ethoprop it is 61.5 mg/kg. 
Toxicity of organophosphorus insecticides primarily depends 
upon their structur
.
es. Schmidt (17) reported that a switch from P=O 
3 
to P=S analogous brings a reduction in acute toxicity partly by reducing 
the phosphorylating activity and partly because in mammals a metabolic 
oxidative activation of the PS compound to PO must be first to take place, 
which leaves more time for the hydrolytic detoxification processes. 
Another reduction in toxicity in mammals can be observed by changing 
from diethyl phosphates to the dimethyl analogues. The reason for this, 
Schmidt explained, was the additive effect of enzymatic demethylation 
by glutathione, which is present in insects only in insignificant quan­
tities. 
Oxidation in tissues is one of the major degradation reactions 
especially of the thiono-phosphates. Usually this reaction does not 
result in detoxication, on the contrary, it enhances toxic action, due 
to a changing from P=S form to P=O form (11) in the presence of NADPH
2 
and oxygen. Knaak, Stahmann, and Casida (45) assumed that oxygen is 
converted by the peroxidase-hydrogen donor system into free perhydroxyl 
radicals, which form activated rapidly-decomposing intermediates with 
P=S grouping. An important degradative route for phorate is the oxida­
tion to the corresponding sulfoxides and sulfones (12). The same mecha­
nism holds true for terbufos. McBain and Menn (13) reported that in 
the rat fonofos is first oxidized enzymatically, and then further oxidiz­
ed to sulfoxides and sulfones. Metabolism of terbufos in corn and sugar 
beets also produces several toxic metabolites (15), such as sulfoxide, 
sulfone� oxygen analog, oxygen analog sulfoxide, and oxygen sulfone. 
However, the hydrolytic metabolites are not significantly toxic. 
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Ele ct ro ni c  I nt erpret at ions and Propert ies of Organophosphorus I ns e ct i­
ci des and ot her Pes t i ci des  
In the  periodi c Chart , phosphorus i n  it s fundame nt al s t at e  pos -
h 1 . 1 f. . 3 2 3 3 s e s s e s  t e e ect ro nlca co n lgurat lo n  s p . Al l t he organopho sphat es 
are derivat es of covalen t  pho s p horus whi ch poss e s s  a t et rahedral struc­
t ure correspondi ng t o  sp
3 
hyb r idizat ion. To s at i s fy valence cons idera-
t io ns ,  t he phosphorus -o xyge n or  pho sphorus - s ulfur b o nds i n  t he type 
x3PO or x3 PS ar e do ubl e b ond . Lewis b e l ieved that s emi - p ol ar p + O(SJ 
bo nd shoul d  b e  as sumed. Pauling (2)  and Co l l in ( 3) took account of 3d 
orb it a l s  of p hosphorus and point ed out that t here is  a �-b ondi ng syst em 
superimp o s ed on the a- bonding s k e l et on .  However , from UV- s p e ct ra (4), 
no ri-1r* t rans it io ns can b e  found, furt hermore , no informat i o n  o n  t he 
pres ence of p - d  b o nding is revealed by I R  spect r a  eit her. 
'IT 'IT 
From spect ro s cop i c  i nvest igat ions ,  Goubeau (S) r eport e d  t he 
result s o n  var ious phospho rus - sulfur bonds , and t he b o nd order is  2 .  
Us i ng S i e ber ' s  met hod (6) det ermin ed from bot h force const ant s  t he b o nd 
order for p-sCH3 as 1.16 (approaching t he s i ng le b ond) an d for P-S as 
1 .  75! a value con s i derably great er t han t hat of the s ing l e  b ond . 
S i nce it  is impos s ib l e  t o  est imat e the ab so lut e ext ent of t hi s  
rr-CQmponent ,  t he most  accept ed way (7) o f  dep ict ing t he s e  comp ounds 
wo uld be four a b onds and an as sociat ed 1r- component . 
Four organ ophosphorus i ns ect icides, t erbufo s , phorat e ,  e t hoprop , 
and fonofos , w ere  chosen for t his s t udy... The ir s t ruct ur es and.: propert ies 
ar e as fol l ows : 
�3 
X = - CH - S - C -CH 2 1 3 
CH3 
5 
Terbufos, or chemically S- [. fcl, 1-Dimethylethyl, thioJ methyl ) 
o,o diethyl phosphorodithioate. 
X = - CH2 -s-C 2H5 
Phorate, or o,o -Diethyl S-( (ethyl thio) methyl] phosphore-
dithioate. 
Ethoprop, a-Ethyl s,s-dipropyl phosphorodithioate. 
c2H5 - 0"'- / S 
p 
/ " _rr::\ C2H5 S '{2_; 
Fonofos, o -Ethyl-s-phenylethylphosphonodithioate 
Terbufos, a soi 1 insecticide, sold as Counter
® 
is available in 
the granular form of 15%. Technical Terbufos is a clear, slightly brown 
liquid, melting at slightly below - 1 5°C ,  slightly soluble in water, 
miscible with xylene, vegetable oils, carbon tetrachloride, alcohols, 
esters, and ethers. It hydrolyzes under alkaline conditions. At room 
temperature, technical Terbufos is stable for at least two years. 
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Terbufos is  po i s o nous by s k i n  contact , eye co nt act , i nha l at ion  or 
s wall o wing . 
Phorat e ,  a s o i l  and syst emic ins ect icide,  a l s o  named Th.i met ,  
Ramp art , and Vegfru i s  avai l ab le i n  t he granular form of 10% and 15%. 
Technica l Phorat e is  a cl ear l iquid, s light ly s o l ub le i n  wat er (about 
50 ppm}, mis cib l e  w i t h xyl ene,  veget ab l e  o i l ,  carbo n  t et rachloride,  a l -
cohols ,  ethers , and est ers .  Phorat e (t echnical)  and i t s  formu l at ions 
are highly poi s o nous . 
Et hoprop , a ne matoci de- s o i l  ins ect i cide,  also  named MOCAP 
propho s ,  or Jo l t  is ava i l ab l e  in granular form of 1 0%. It i s  s l ight ly 
so lub le in wat er, and read i ly so lub le i n  mos t  organi c  so l v e nts . 
Fo nofo s ,  a s o i l  i ns e ct icide, a l s o  named Dyfonat e o r  N-279 0,  
is  avai l ab l e  i n  the granul ar fo rm of 2 0% and 1 0%. It  is us e d  for 
co ntro l of co rn roo t wo rms , wireworms , cut worms , symphy l in s ,  and o ther 
s o i l  pest s .  
The fo l low in g  s ect i on des crib es t he structures  and proper t ies  
of  ant imicrohal s us ed  i n  t his study. 
PCNB 
Ch emica l n ame: p e ntach loronit rob en zen e  
co mmon name: PCNB, qui nto z ene 
Act io n: So i l  fung i cide;  s eed dres s i ng agent 
Cl 
Cl -0-C l  
Cl � C l  
N02 
Propert i es :  Crys t a lline  s o lid mel t i ng at 1 42 - 1 45°C,  acut e oral LD5 0 ( rat) 
as aqueous sus pe s ion of wet tab le powder, great er t han 1 2, 000 mg/kg. 
Us ed  for damp in g - o ff of co t t on ;  black root and club - root  of cabbage,  




Common Name: Ethazol 
Action: fungicide 
Properties: 0 Reddish brown liquid, specific gravity 1.500 at 25 C, 
soluble in ethanol, xylene. Acute oral LD50(rat), 1077 mg/kg 
controls pythium at low rates. Terrazol shows considerable 
promise as a nitrification inhibitor. 
Bronopol 
Chemical name: 2-Bromo-2-nitropropan-1,3-diol 
Common name: Bronopol, bronocot 
Action: Bactericide and bacteriostat active 
�2 
HOCH -C-CH OH 2 1 2 
N02 
particularly against xanthomonas malvacearum 
7 
Properties: Colorless to pale bownish yellow, odorless crystalline 
solid. MP about 130
°
C, acute oral LD50(rat) , 400 mg/kg. Bro-
nopol is used as a seed treatment to cotton gives protection 
against blackarm disease. 
Benomyl 
Chemical name: Methyl 1-(butylcarbamoyl)-
2-benzimidazolecarbamate 
Common name : R Benomyl, Benlat e 
Action: Systemic funoicide 
Properties: White crystalline solid, acute oral LD50 (rat), more than 
10,000 mg/kg. Used for control of wide range of disease of 
fruits, nuts, vegetables, field crops. 
Fenaminosulf CH\," Fl\_N=N-S03Na / l�-Q{3 
Chemical name: Sodium [4-(dimethylamino) phenyl] diazene sulfonate 
Common n��e: Lesan 
Action: Turf and soil fungicide and seed treatment 
8 
Properties: Yellow-brown powder. Soluble in water 2-3% at 25°C. Acute 
oral LD50(rat) , 75 mg/kg. Used to protect germinating seed and 
seedlings. 
N-Serve 
Chemical name: 2-chloro-6-(trichloromethyl) 
pyridine 
Common name: nitrapyrin 
Action: nitrification inhibitor through selective activity against 
Nitrosomonas bacteria 
Prop.erties: White rystalline solid soluble in anhydrous ammonia, xylene. 
Acute oral LD50(rat) , 1230 mg/kg. Delays nitrification of 
ammonium ions in soil when applied with urea and ammonium 
fertilizer nitrogen sources. 
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Org�noohosphorus Insecticides in Soil 
A lot of fa ctors can be traced which affect the degradation and 
persistence of organophosphorus insecticides in the scil_, chemically, 
physically_, and environmentally. Arr.ong these factors are: 
1) adsorption to clay and organic matter 
2) soil -cype 
3) volatilization to the atmosphere 
4) uptake by soil organisms or plants 
5) soil moisture, pH, and temperature 
6) microbial degradation 
7) chemical degradation 
8) photolysis 
Of primary importance is the chemical nature of the organophosphorus 
insect icicles and the soil type. These factors may either �nhance cr 
reduce degradation rates. 
�dsorption: Organophosphorus insecticides, like ot her chemical 
molecules, have varying tendencies to be adsorbed to clay or organic 
matter partic1.es vr dissolv·edin the soil solution . For the most part 
th.e adsorption sites on clay or organic matter are negatively charged 
and constitute the "cation exchange capacity" for a particular soil. 
each organophosphorus insecticide , for each soil type, and for each 
set of soil condit ions , a different equil i brit.un is established between 
the ��aunt cf organophosphorus insecticide adsorbed and the amount 
dissolved in the soil (27). 
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So i l  t ype. So i l  type i s  one o f  t he most important facto r s  in ­
fluen cing organopho sphorus inse cticide sorp tion equilibria. O f  spe c ia l 
importan ce are the c l ay and organ i c  matter, for t hese are co l lo i da l  and 
have high cation exhange capacities and high surface areas. Clay an d  
organ i c  mat t er cont ent i n  so i l  can vary fro m  l e s s  than 1% i n  san d t o  
we l l  o ver 50% in heavy c l ay or peat so i ls. Adsorp t i o n  o f  o rganopho s­
phorus ins e cti cides t o  the negatively charged si te s  on c l ay or organ i c  
mat ter can o c cur by  dipo l e - dipo l e  att ract ion , hydrogen b on ding or by 
actual ion i c  bon ding if  cation i c  pest i cides are in vo l ve d  ( 38) . 
Natur e o f  t he organo phos phorus insect ici des . The che mi cal  
structure of an organophosphorus ins ecti cide det ermines s or pt ion equi ­
l i bria by infl uen cing its direct affin ity for the clay or  o rgan i c  matt er 
or by in fluen cing its so lubility or affin ity for the so i l .  Ward and 
Upchurch (39) reporte d  a general but not precise inve rs e corre lation 
between pest icide so l ubi l it y  an d abs o rp tion ,  that 60% o f  the variation  
in  absorp t ion could b e  at t ributed to the effects of structure on so lubi­
l ity,  whi l e  the remain ing var iat ion was due t o  th -e effect s cf s t ruc­
ture on the direct affinity o f  the chemical for the absorbent .  In ad­
dit ion t o  many ot her fact ors the persist ence o f  pe st i cides i n  soil is 
influenced by t he way they are formulat ed fo r appli cat ion . Granul ar 
formulat i ons are usually the most p e rs i s tent. Wettabl e powder and dust 
formul a-cio ns are o ften l e s s  persistent than emulsifiable prep aration s .  
11 
Soil moisture content. One would expect more pesticide to be 
absorbed when soils are dry than when they are moist, since decreases in 
soil moisture should shift sorption equilibria toward greater absorption. 
This is true in moderately light to very light soils but not in heavy 
soils. Green and Obien (40) established that the impact of fluctuations 
in available soil moisture on th.e amount of atrazine dissolved in the 
soil solution was inversely related to the absorption capacity of soil. 
Soil pH. Most soils have a pH in the 4 . 5 to 8. 0 range. The 
fate of organophosphorus insecticides in soil varies with pH differences. 
Primarily because of the influence of pH on sorption phenomena. Smelt 
and Leistra (33)  reported that soil pH and soil type affected the rate 
of degradation for ethoprop. In this study, the loss of ethoprop cor­
responded approximately to first-order kinetics, the half-life was about 
87 days in a humic sand and a peaty sand with pH values of 5. 4 and 4. 6 
respectively. In a sandy loam and a loam soil with pH values of 7.2 and 
7.3 respectively, the half life ranged between 1 4  and 28 days. 
Soil Temperature. Pesticide adsorption in soil is an exothermic 
process ( 3 8) . When hydrogen bonds or ionic bonds are formed, heat is 
given off. Thus, when the soil temperature increases, the input of 
heat can break some of these bonds and cause the desorption of some 
pesticide molecules. At higher temperatures the greater solubility of 
pesticides also results in further shifts in the sorption equilibrium 
toward more pesicide being available in soil. Verma ( 31) reported 
some data of soils treated with phorate at constant temperature of 1 5 , 30 
and 45°C in the laboratory. After 24hour of treatment there was a 69-73% 
12 
reduction in residues at all 3 temperatures (7. 8, 8. 6, 8. 7 ppm to 2. 1, 
2. 5 and 2. 6 ppm respectively). Up to 33 days of treatment the difference 
in degradation of residues at different temperatures was not significant. 
However, observation at 63 and 103 days after treatment indicated signi-
fic�1tly less reduction at low temperature (103 days; 0. 44, 0. 26 and 
0.26 ppm). Phorate residues fell below detectable levels in 128, 117  and 
109 days at 15, 30, and 45°C respectively. It was concluded that the 
0 
different temperatures of 15,30, and 45 C or higher might cause increased 
long term pesistence of phorate. Another supporting test (32) on fonofos 
and phorate has shown that they are broken down much more rapidly in 
tropical and subtropical climates. 
Volatilization. Several factors influence the tendency of pesti-
cides to volatilize and leave soil as a vapor (41). The structure of 
the chemical is important because this determines its vapor pressure, as 
well as its solubility in soil water and its tendency to be adsorbed. 
Cool, dry conditions in soils with high organic matter or clay content 
normally result in very little loss of even the most volatile chemicals 
from the soil, since they are adsorbed tightly. Conversely, warm, moist 
conditions bring about greater desorption and greater volatilization 
losses. 
Microbial deg radation. The primary microorganisms in soil 
are algae, fungi, actinomycetes, and bacteria. Most of these are 
dependent on organic compounds for energy and growth. When an organa-
phosphorus insecticide is added to soil and reaches an equilibrium 
between the soil colloids and the soil, any molecules in the soil are 
immediately attacked as potential energy sources. If the chemical is 
13 
readily available in the soil, any organisms that can adapt to it as an 
energy source rapidly increase in numbers until they have completely 
degraded it. After this they may decrease in number (42). Any factors 
that encourage the growth of degrading microorganisms or that increase 
the availability of pesticides in the soil enchance the disappearence of 
the chemical. Soil organic matter can have slightly opposing effects on 
pesticide persistence. On the one hand it may decrease the availability 
of the pesticide, but on the other h.and it could improve conditions for 
the growth of the microorganisms. Most other conditions, such as warm 
temperature, lack of pH extremes, and adequate fertility, encourage 
microorganisms and increase the desorption and availability of pesticides. 
Chemical degradation. Chemical reactions in soil can des1:roy the 
activity of some pesticides and activate others. In chemical degradation 
pH is an important factor, but the exact influence of high or low pH 
varies for different pesticides. Getzi a (43)  reported that an organa-
phosphorus insecticide, Diazinon, is broken down more rapidly under 
acid conditions, but the reverse is true for another organophosphorus 
insecticide, malathion. The hydrolysis of organophosphorus insecti-
cides follows several patterns, depending upon the type of ester, the 
solvent, the pH range, temperature, pesticide concentration. According 
to Schrader (1) rule, insecticidal phosphates must possess an electron-
withdrawing substituent at the phosphorus atom. The hydrolysis of the 
trialky1 phosphates in aqueous alkaline medium is a first-order reaction 
with respect to both hydroxyl ion and ester. The P-0 bond is ruptured. 
SOUTH DAKOTA STATE UN!VERS-ITY LIBRARY 
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In the rate determination step the hydroxyl ion attacks the phosphorus. 
An exchange of oxygen between the phosphoryl group and the hydroxyl ion 
can be excluded. Larsson (8) pointed out that this process is a one-
step reaction, in which the degree to which a group leaves rests solely 
upon the approach of the hydroxyl ion to the phosphorus atom. Hudson 
and Green (9) demonstrated this prpcess in Sn2, mechanism as below; 
analogous to Sn 2 attach in carbon chemistry, with a Walden inversion 
reaction. The transition state (A) is favored by the fact that phospho-
rus can form the structure of coordination number 5 with the configuration 







RO 0 HO, 0 ' � ..... � 
HO- -r--oR1 � /p"-. 




For those organophosphorus insecticides such as terbu£os, pho-
rate, fonofos, and ethoprop which contain sulfur in the thiol form, the 
effective charge on phosphorus would be expected to be reduced as a 
result of lower electronegativity of sulfur and the increased polariza-
bility of sulfur in comparison with oxygen. The ability to participate 
in n-bonding is diminished also as a result of lower electronegativity 
of sulfur. The positive character of the phosphorus atom is maintained! 
favoring a basic attack. Ru�icka and Thomson (10) reported within 
homologous series the thiol compounds hydrolyze faster than the cor-
responding oxygen ester. 
15 
A study o f  the o xidation o f  terbufo s has b een don e by Lave g l i a  
(14) . So i l  samples contain in g  terbufos were in cubate d at 22°C for up to 
6 weeks. Microbal a ctivities were measured via ammon i um produc tion,  
n itrifi cation, carbon dioxide evo l ution, and sulfur oxi dation. Ter bufo s 
was rap idly oxi di z ed to i ts sulfo xide with an approximate 4-5 day half­
life. T erbufo s sulfoxide  reached a p eak after 2 weeks o f  in c ubat ion, 
while terbufo s sulfon e did not appear unti l 1 week after the inc ub ation 
was started. 
Wal l er an d Dahm (16) reported that within 2 day s after appli­
cation o f  phorate to so i l, 85% o f  the added ph�rate was lost; ab out 
30% by adso rption to the so i l, 35% by o xidation to the sulfo xi de, an d  
20% by o xidation to the sul fone .  
Pho todegradation. Few organopho sphorus in secti c ides are 
co mpletely resist an t  to pho tolysis, b ut thi s  i s  probably not a major 
means o f  organ opho sphorus inse ct i cides inacti vation or disappe arance 
in so il (44). 
Men z er an d Font an illa (36) pointed  out that the lon g p ersistence 
of phorate in so ils is undoubtedly caused by its lo w mo bili ty in so il .  
Phorate aft er application moves in  b o th horizon tal and ver ti cal direc­
tions. 
Li chten ste in and Fuhremann (37) reported t hat residue s  were 
least persi sten t when pho rate was app lied  solely to the so i l  surfa ce. 
Six days were required unti l on e half of the applie d  dosage  could no 
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longer be detected in the form of phorate and its metabolites. Residues 
were more pesistent after insecticide had been mixed with the upper 4 
to 5 inches of soil, and 30 days were required until one half of applied 
dosage could no longer be detectable. 
Kiigemagi and Terriere (32) suggested that in the first few 
(2-3) weeks after application, physical factors such as volatilization 
accounted for most of the pesticides loss (Dyfonate) , whereas chemical 
and biological mechanisms accounted for the losses in latter stages. 
A study of persistence, mo�ement, and metabolism of carbon-14 
fonofos and carbon-14 phorate has been reported (34) . The more water 
soluble [
14c] phorate was more mobile and was metabolized to a greater 
extent than insecticides of low water solubilities. 
14
c residues of 
these two insecticides have different values in different soils. 
14 Another [ C]  phorate study (35) reported that phorate was 
much more persistent under flooded than under nonflooded conditions. 
A considerable amount of organophosphorus insecticide analysis 
has been done by gas-liquid chromatography(GLC) with different kinds of 
detectors and columns. In Munnecke's (24) work, for example, organa-
phosphorus insecticides were determined by using a gas-liquid chromato-
graph with a flame ionization detector equipped with a 6% SE 30 glass 
column. Detector and injector temperatures were 350 and 275
°C respec-
0 tively, and column temperatures range from 190 to 230 C. 
Besides gas-liquid chromatography, high-performance liquid 
chromatography (HPLC) is also available to be used for pesticide 
analysis. Sparacino and Hines (25) reported that normal phase HPLC 
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packings give s at i sfact o ry results but revers e  phas e co l umns g ive b et t er 
resul t s . In Visalakshi (26 ) s tudy, p horat e was det ermined by co lori­
metric methods in a c ert ain p eri od o f  t ime aft er applying o rganophos ­
phorus i ns ect icides t o  s o i l s . Hal f- l ives were  also  det ermined b y  this 
met hod . Anot her study (27) p ointed  out that the  abs o rp t i on of Dyfo nat e 
was studied o n  humic acid (HA) saturated with vari ous catio ns (Fe , Al , 
Cu, Zn, Co, Mn, Ni, Ca, Mg , and H ions) .  The amount o f  Dyfonat e 
abso rbed was affect e d  by t he cat io n wit h whi ch t he HA was s at urat ed . 
Thi n- l ayer chromat o graphy is another met hod for det erminat i o n  of re s i du-
al amounts of organop hosphorus ins ect i cides . Ignat ov ( 4'6) report ed th at th e 
b est  analyt ica l re sult s for phorat e ana l ys is were  o bt ained wit h s i l ica 
gel in a hept ane: acet o ne 7:1 solvent , and t he develop i ng reagent con­
s is t i ng of 0. 2% pa l l adium dichl oride so lut ion in 0. 5% hydro ch l ori c aci d . 
Phorat e appears on the c hromat ogram i n  the form of a t i l e  red s pot with 
a darker periphery, and Rf 0. 61. The method is highly s ens it ive, the 
det e ct ion l imit of 0.5 �g for phorat e .  
Brown (28) po int e d  out s o me improvement s in met hodo logy for 
t he det ermi nat ion of res idue of ph orat e and it s three p ri nc ipal  met a­
bol i t es .  Thes e were (1) chi l l ing t he samp l e  during ext ract i o n  t o  pre­
vent emul s ion format ion, (2) us ing a micro col wnn c l ean up p rocedure 
re sul t i ng in eco nomy of t i me and mat erial s , and (3) evaporat ing under 
nitroge n to pre c lude o xidat ion of phorat e.  
Solvent s ys tems for ext ract ion vary great l y  wit h organophos ­
phorus i ns e ct i c ides i nt ere s t . Wa lgenbach and cO-\iorkers (29) us ed a 
mixt ure of chl oroform and met hanol for phorat e and t erbufos ,  benz e ne 
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for fonofo s .  Ho wev er, Mausd (30) reported that in a number of s o lvent s 
were  s tudi e d  for extractio n, 10% aceton e in benz ene was t h e  mos t  sui t­
abl e  fo r phorate and t he re covery of phorat e d et ermined by gas-l iquid 
chromat ography was 90%. 
P hos phat as e activit y . Phosphat as es are enzyme s that catalyze  
the hydro l ys i s  o f  pho sphat e es ters s uch as  P- 0- S ,  P -S-C , P -F, and others. 
There ar e c l as s ifi e d  as acid or a l ka l in e  depending o n  the i r  pH opt imum , 
5 - 6 for acid phosphat as e ,  8-10 for alkal in e phosphatas e.  
S everal methods have been propos ed for es timation o f  th e pho s ­
phat as e activ i ty o f  so i l s .  Kro l l  and Kramer (19) est imated s o i l  pho s ­
phatas e act ivit y b y  det ermining the ph eno l  rel eas ed by incubation of 
soil  with pheny l  pho spha te . Skujins et al (20) assayed soil phosphatase 
act iv i ty by a pro c e dure in whi ch the amount o f  g lyc erophosphat e hydro lyzed 
i s  estimat ed by analyses for extractable total and inorgani c  pho sphat es 
after incubation . However this method is tedious and t ime-con s umi ng and 
the data reported  have low precision. Ramirez-Martineg and McLaren (21) 
reported another method invo lv ing fluorimet r i c  assay of the B - napht hy l ­
phosphate. However, their method is compl i cat ed by sorpt ion of S-naphtho l 
by so i l  constituents an d requires that the capacity of e ach s o i l  ana lyz ed 
to sorb s-naphtho l be determin ed and allowed for in ca l cul ation of result s.  
The bas i c  differences in these methods are in the substrate use d  an d in 
the technique employed to measure hydrolysis of the subst rat e by phos ­
phat ase en zymes . 
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Genera l l y ,  Kramer and Yerdei's method (22) was a s at is fact ory 
met ho d  except that the  pro cedure us ed to  e xt ract the pheno l  re l eas ed by 
pho sphat as e act ivit y did not give quant it at ive recovery o f  pheno l and 
that t he co lorimet ric t e chnique us e d  for est imat ion o f  pheno l was comp l i-
cat ed by ins t abi l it y  o f  the co lor deve lope d . Tabat abai and Bre rruner (2 3) 
studied t he us e o f  ot her s ubst rat es fo r est imat ion o f  s o i l  pho sp hat as e 
act ivit y whi ch invo lves  us e of p -nit rophenyl phosphat as e as s ubst rat e ,  
permit t ing rapid and precis e as s ay o f  soil phosphat as e act i vit y . The 
react io n  is as shown b e low ; 
p- nit rophenyl diso dium 
orthop ho sphat e  





Al The s tandard organopho sp horus ins ecti c ides and o ther p e s ti­
cides were  ob tained from Enviro nment a l  Pro te ctio n  Age ncy , Re s earch 
Triang l e  Park, N.C. 
For the s tudy of re covery , a l l  pe s ticides us ed  were the analy ­
ti cal s tan dard grade s o lutio n diluted in  hexane , b enzene, or ace tone , 
and added to 2 0  grams of s oil. The conce ntrations of all the p e s ticides 
were  adj us ted to 5 ppm. Data for re covery s tudie s are shown Tab l e  2A,  
2 B . 
For the s tudy of degradation, a l l  the pesticide s us ed were 
appl ied to 1, 000 grams s o i l as a so lutio n  of te chni cal grades in  hexane , 
b enzene , or aceto ne w i th ro l ling to ensure t:lio .rough mixing . The concen-t­
ratio n of al l the p e s ti c ides us ed were  10  ppm of technica l grade. 
The nominal purities of the s tan dards and te chnica l grade p e s ti ­
cides and so lvents us e d  are as l is ted in Tab l e  1 .  
B) So lvents 
Analyti ca l grade hexane ,  acetone,  ethy lacet ate , methy l e ne 
chl cride , and b enze ne . 
C) Other chemi cals  for pho sphatas e activi ty s tudy 
Analyti ca l  grade t oluene , calcium ch loride , so dium hydro xide , 
p-nitrophenyl dis o d i um  orthophosphate (PNP) , s tandard p - ni tropheno l  
so lutio n. 
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Table 1 :  The purity of the standards 
Pesticides Common Name Standard's purity Solvent 
(% ) 
terbufos Counter 9 9 . 1 Benzene 
phorate Thimet 9 5  Benzene 
fonofos Dyfonate 9 9 . 7  Benzene 
Ethoprop MQcap 9 7 . 8 Benzene 
PCNB PCNB 9 9 . 04 Benzene 
ethazol Terrazole 9 8 . 6 Benzene 
Bronopol Bronopol Benzene 
Benomyl Benomyl Benzene 
Nitrapyrin N- Serve Benzene 
Fenaminosulf Lesan Benzene 
Apparatus 
a) Gas- l iqui d  chromatography (GLC) was found to b e  a satis-
2 2  
factory method for p esticide analysis. A Varian 2 1 00 g as chromato graph 
· � 
63N· 1 d d Wlt!� a 1 e ectron capture etector was use . A co l umn o f  4% SE- 30 + 
6% QF- 1 at 180°C and a co lumn o f  3% S P- 2 2 5 0  DB at 1 78°C wer e  first used 
and provided reasonab l e  reso lutio n o f  peaks for most p esticid es (excep t 
terbufos with PCNB, fo nofo s with PCNB ) and long retentio n  times . B etter 
reso lution of o ver l appi ng p eaks and shorter retentio n  times have b een 
successful l y  o btained by uti l iz i ng either the co l umn of 1 . 5% OV-17: 
0 1.9 5% QF - 1  at 1 9 0  C or  the Varian 3700 equipped with a thermioni c  speci -
fie detecto r and using a co lumn of 1.5% SP2 2 5 0:1.9 5 % S P2 401. 
For the gas chromatography stationary phase and co lumn condi-
tio n  the fo l lowing were used . 
OV- 17 
QF - 1  
SP- 2 2 50 
SP- 2401 
Condition for Vari an  2 100: 
Co l umn  oven temperature = 19 0°C 
In jection port temp erature = 2 2 0°C 
Detector temperatuee = 
Nitro gen f l ow rate = 30 ml /min 
Attenuato r 4 x 10
- l O amp fu l l  sca l e  
Condit ions for Varian 3700: 
0 Column oven t emperature = 180 C 
Inje ction port temperature = 2 2 0°C 
Dete ct or t e mperature = 2 5 0°C 
Nitroge n  flow rate = 2 0  ml /min. 
Attenuat or = 16 , range 10 
2 3  
B )  T o  measure t h e  ab sorbance o f  p-nitrophe no l whi ch i s  rele ased 
b y  i ncubation of soil wit h  disodium p- nit rophenyl pho sphate for the  
study of phosphatase activit y, t he �pe ctronic 88 spe ctrop ho t omet er was 
used at wavel ength 4 2 0  nm. 
Pest i cide s  combi na tio n  appli cat ions 
For the st udy, t he fo l lowing pest i cides combination app l ications 
wer e examined in t wo k in ds of so i ls: 
Terb ufos, Terbufo s with PCNB - Terraz o l e 
Pho rat e,  Phorate wit h PCNB- Terraz o l e  
Phorat e,  phorat e wit h  PCNB , phorat e wit h Terraz ol e ·, Phorat e 
with Bronopo l ,  Phorate with B enomyl,  Phorat e with N- Serve,  Phorat e with 
fenamino sul f. 
Sin ce PCNB , B ronopo l,  an d Benomyl appe ared  to h ave distin ctive 
effe ct ive on pho rat e degradat ion , t hey were  chosen in further stui de s. 
Fonofos, Fonofos with PCNB, Fono fos with B ro nop o l Fonofo s  
wi th Benomyl.  
Ethoprop, Ethoprop with PCNB, Ethoprop wit h Pronopol , Ethoprop 
wit h Benomyl.  
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So i l  treatment and co ndi tio ns 
Two different k i nd o f  so i l s  (abbreviate d  Sl and S2)  were  ob tain­
ed from Dr. Duane P. Matthees, Station B i o chemistry se ction, Dep artment 
o f  Chemistry, S outh Dako ta S tate University . Before any tr eatmen t, a l l 
soils were  air- dried for 48 hours, the n  treate d  wi th o ne o f  tho se pesti ­
cides combinations respective ly. The concentration was ob tained a l eve l 
o f  1 0  ppm (5 ppm for the recovery study) . To e nsur e  p e stici de distribut­
ing evenly though the so i l .  (1000 grams wi th 1 0  ppm p e sticides). Al l 
so i l s  were p l aced i n  ro und meta l  cans and ro l l ed for 20 minute s. Al l 
so i l s  r ight after previous treatments were ·mo istened to approximate ly 
2 0% with distil l e d  water . F o l lowi ng treatment, so i l  cans stored i n  a 
constant temperatur e  and humi di ty (22°C, �90% relative humi di ty or  in 
the laboratory at 24°C) room e i ther in the Plant Sci ence labo ratory 
or the lab oratory o f  Dr. Duan e  P. Matthees. 
So i l s  for terb ufo s  and phorate analysis were tak e n  ini ti al ly at 
app l i cation and weekly after app l ication for measurement o f  de gradati on. 
For fonofos and a!hopropan alysis, so i l s  were take n  i ni ti a l l y  and every 
o ther week. 
Extractions 
Fifty (50) grams of treated so i l  from storag e  can was first mix­
ed with 100 ml of e i ther ethyl acetate or methyle ne chloride dependi ng 
upo n  the reco very and shake n continuously for an hour. The mixtur e  was 
then dried and cle aned by passi ng through a co l umn  co nta i ni ng sodium 
sul fate and washing wi th two 30 ml portions of e thyl acetate or methy­
l ene chlor ide.  The n  the ethyl acetate (o r me thylene chloride )  so lution 
2 5  
was concentrat ed  b y  rot ary evaporat ion and concentrat io n  t o  vo lume tmder 
N2 for analysis . Di lut io n  of t he concent rat e were made as  ne eded , us ing 
hexan e  as a s o lvent . 
Dat a han dl i ng 
I n  t his degradat ion analysis , th e amount s of th e pes t ic ides left 
were cal cu l at ed  us ing the f? l l owing equat ions : 
1 ppm=� = V s ampl e  i n  �1 x � g  st d .  x A s ample X g W s ampl e g x �1 sampl e inject ed x A st d .  fract io n rec over ed 
or 
V sampl e  i n  m l  x ng s t d .  x A s ampl e  
W s ampl e in g x �1 s ample x A st d .  x re covery fact o r 
V 
= vo lume in � 1  or ml 
W = the amount  of s ampl e us ed  for analysis in gram 
St d = st an dard 
A = Area under the peak 
Pho s phat as e act ivity examinat ion 
S everal metho ds have b een propos e d  for examinat i o n  o f  phosphat as e 
a ct ivity of s o i ls . The bas i c  differences in thes e metho ds are in the 
subst rat e us e d  and in the te chnique employed to  measure hydro lys i s  of 
t he substrat e by pho sphat ase  enzymes . 
P l a ce 1 gram of treated soil  in a 50-ml Er l e nmeyer f l as k  add 
4 ml of dist i l l ed water � 0 . 2 5 ml of to luene and 1 ml of p- nit ropheny l 
pho sphat e (O . .  l lSM) (P NP) s o lut ion and swirl the fl as k  for a few s e conds 
to mix the c o nt ent s . Stopper the f l ask an d  pl a ce it i n  a wat er b ath 
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contain er for in cubation at 37°C .  After 1 0  minutes , remo ve the s topper, 
add 1m1 o f  0 . 5M cal cium ch loride and 4 ml  o f  0 . 5 M s o dium hydroxide . 
Swi r l  the fl as k for a few s e conds , and fi l ter the so i l  sus p en s ion . Tran s ­
fer the f i l trate to a cuve t  and measure its absorban c e  with a Spe ctron i c  
88 spe ctrophotometer a t  wave l ength 420 nm .  Cal culate the p -nitropheno l 
con cen tration of the fi l trate by referen ce to a ca l ibration curve .  
F igure  6 .  
To prepare the cal ib ration curve , dilute 1 ml of the s tan dard 
(1 g/ 1 )  p-nitropheno l s o lution to 1 00 ml in a vo lumetr i c  fl ask and mix 
the so lution thoroughl y . Then p ipe tte 0 ,  1 ,  2 ,  3,  4 and 5 ml  a l iquo ts 
of thi s  di luted s tandard so lution in to smal l vo lume tr i c  f l as k , adj us t 
the vo lumes to 5 m l  by  addi tion of dis ti l l ed water,  an d  proceed  as 
des cr ib e d  for p - n i tropheno l analys i s  of the in cubate d s o i l  s amp l e . 
Con tro l s  sho u l d  be  also pe rfo rmed with each so i l  ana lyz e d  to 
al low for co lor not der i ve d  from p -nitrophen o l  re l eased by pho sphatas e 
activ ity .  I n  order to do that, perform the procedur es des cr ib ed abo ve 
for assay o f  pho sphata�e acti vi ty but make the addi tion o f  1 ml o f  
PNP s o lution after the addition s o f  0 .5 M CaC1 2 and 0 . 5  M NaOH . 
RESULTS AND D I SCUSSIONS 
Gas Chromatograph i c  Anal ys i s  
The gas chromatograp hic analysis  o f  four organop hosphorus 
i ns ect i cides - t erbufos � phorate , ethoprop , and fo no fos  as we l l  as two 
other p es t i c ides (PCNB , Terrazo l e) were pe rfo rmed by us i ng a Var ian 
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2 100 gas chromatograph w ith a 63Ni e l ect ro n  cap ture det e ct or. Column 
packing and gas chromatographic con ditions were des crib ed as Exp erime nt­
al Part 2 ,  Apparatus . The rente ntio n times fo r terbufos ,  phorat e ,  
fonofos , et hoprop � PCNB , and Terrazo l e  were 7.8,  2 .2 ,  3 . 1 � 1 . 9 ,  2 . 8  and 
1 . 9 respective l y . Becaus e of very sharp and reasonabl y  l arge p e aks 
o btain ed , the comparisons of peak he ights of pest ici des wi th tho s e  of 
s tandards were made. Al l calculatio ns were do ne ac cordi ng to the 
equat ions des cri bed in Exp '"'1·ime . tal  Part 6, data handl i ng .  Al l s t a nd­
ards s howed  very good l i nearit y at as s ig ned chromatographi c co ndit ions .  
Re coveri es of Standards with Two Different So l vents 
Prior to degradation s tudy , Extrac tion eff i ciency for each 
s ta ndard was exami ned  by us i ng anal ytical  g rade ethyl  acetate and methy­
l e ne chloride . The resul t s  ar e showed in  Tabl e 2A and 2 B . The po l ar 
so lvent ethyl acetat e ,  general ly gives better re coveri e s  fo r orga no ­
phosphorus ins e cti cides whi ch ar e po l ar mo l ecul es due to e l e ct ro nega­
tive sulfur or oxygen at om bonded to pho spho rus , wi th the exception of 
phorate. On the o ther hand , b ette r recoveries were achi eve d fo r PCNB 
and Terraz o l e  by us ing the l ess  po lar so lven t  methy l ene ch l o ri de. In 
this degradatio n s tud� r , so lven t choice  was bas ed upon recovery s t udies. 
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Tabl e 2 A :  Recovery st udy with t wo different s o lvent s in So il 1 for 
Terbufos ,  PCNB , Terraz o l e. 
Pest i cide So lvent Recovery Averag e  
Terbufos met hyl en e  84 
chl o r i de 6 7 . 2 
85. 7 
82. 5 79 . 8  
et hyl ac et at e  9 2  
84. 4 
9 1 . 3 
85. 4 88 . 2  
PCNB met hy l ene 80 
chlori de 80 
76 
68. 8 7 0 . 6 
et hy l acet at e  5 7  
52. 3 
73 . 2  6 0.6 
Terrazo l e  met hy l en e  70 . 6 
chl oride 85. 0 76 . 3  
ethyl acet at e  73 . 5  
63. 7 
68. 8 63. 9 
Tab l e  2 B : 
So lvent 




Recov ery wit h  diff erent solven t s  in 
for Fonofos , Ethoprop , and 
Soil 
Recovery 
7 5 . 3  
73 . 5  
6 8 . 1 
78 . 5 
7 5 . 3 
79 . 9  
7 7 . 2 
6 3 . 4  
7 5 . 3  
1 
Average 
72 . 3  
7 7 . 9  
7 0 . 8  
So i l  
Recovery 
80 . 8  
9 0 . 4  
80 . 0  
79 . 8  
72 . 6  
7 1 . 2  
6 6 . 0  
75 . 3  
74 . 2  
P ho rat e 
2 
Average 
83 . 7  
74 . 5  
70 . 1  
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So i l  1 an d 2 ,  
Soil 1 S o i l  2 
R . . A R A 
80 . 2  1 0 4  
7 8 . 5 74 . 4  BO . l 9 2 . 1  
8 5 . 6  9 3 . 8  
80 . 3  82 . 9 5 9 2 . 0  9 2 . 9  
6 0 . 5  5 3 . 2 
62 . 2  6 1 . 9 70 . 2  6 3 . 5 
Degradati on of Terbufos Appli cat i o ns and Phorate Appl i ca ti o ns i n  
S o i l  1 
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The i nteractive efferts of PCNB-Terraz o l e  o n  Terbufos and 
Phorate were e xami ne d  i n  So i l  1. I t  was found that b o t h  Terbufos with 
PCNB - Terraz o l e  app l ica tion and Phorate with PCNB-Terrazo l e · app l i cat io n 
degraded more  s l owly t han Terbufos a l o ne or Phorat e a l o ne . As shown i n  
Figures l A  and l B , PCNB -Terraz o l e  increas ed t h e  p ers i s tence o f  Terbufos 
and Phorate . Both Terbufos app l i cations degraded s teadi l y .  However , 
concentrations o f  Pho rat e app l i catio ns were decreas i ng rap i dly i n  the 
first week from an a verage o f  5 . 2  to 1 . 6 , appro ximatel y  at twi ce the 
rate of Terbufos a lo ne . 
Figures  2A  and 2B showe d the degradat io n rates  o f  PCNB and 
Terraz o l e. There ar e t wo dis ti nct ive di fferences from Terb ufos and 
Pho rate app l ications . First PCNB-Terraz o l e  app l i cati o n  degrade d  more  
s l owly t han Terbufos and Phorate . Seco ndly,  al l app l icat i o ns with or 
without p es t i cide s  fo ll owed almost the same degradati o n  patt ern. 
Degradat ion  o f  Phorat e Appli cat io ns i n  So i l  1 and So i l  2 
Figur es 3A, 3B , 3C , and 3D showed the degradatio n p at t er ns for 
Phorat e app licat ions i n  So i l  1 and So i l  2 .  Some con clus i o ns can be 
drawn from thes e figures . Fi rs t , phorate app li catio ns showed l o nger 
p er s is t e nce in So i l  1 t han they did i n  S o i l  2. The hal f- lives are 
7 days and 4 days in So i l  1 and So i l  2 resp ect i ve ly .  Seco nd, Phorate 
showe d a more rap i d  degradat ion in first week than i n  the o t her w ee ks . 
Thi s phenomeno n  i s  the s ame as the prev ious s t udy i n  whi ch phorat e was 
added with t wo other fung i cides , P CNB and Terraz o l, rather than j us t  
3 1  
FIGURE .lA 
De gradat ion Curve for Terbufos App l i cat ions in So i l  
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F I G U RE 3A 
Degradat ion Curv e for Pho rat e App l i cat ions in So i l  1 
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o ne p est i c i de . Third , Phorat e wit h PCNB app l i cat io n a nd P ho rat e with 
Bro nopo l  app l i cat i o n degraded mo re s l owly than phorat e a l o ne app l i ca­
t i o n  a nd o thers in S o i l  1 whi l e  other app l i cat io ns degraded fast er t han 
or similar to  t he phorat e a l o ne app l i cat io n. However ,  a l l  app l icat io ns 
i n  So i l  2 degraded fast er tha n  that of Phorat e alo ne app l i cat io n .  
From above three resul t s , it is suggest ed that s o i l  typ e  p lay­
ed a major ro l e  i n  Phorat e ' s  degradat io n. 
Degradat io n o f  Fo no fo s  Appl i cat io ns i n  So i l  1 a nd Soil 2 
Amo ng four o rg a nophosphorus i ns e ct i c i des Torbufo s ,  P ho rat e ,  
Fo no fo s , and Ethoprop , Fo no fo s  showed the l o ngest pres i s t e nc e ,  2 ppm 
remai ned  eve n  aft er 84 days i n  So i l  1 .  
F igures 4 A  an d 4B s how the degradat i o n  patt erns o f  Fono fos  
app l icat i o ns in  Soil 1 a nd So i l  2 respect ive ly .  G e nera l ly ,  l i ke the p re­
vious study ,  al l app l i cat i o ns experi enced a s lo we r  degradat i on i n  So i l  
1 than i n  So i l  2 .  Fo no fos with Bro nopo l app l i cat io n a nd Fo no fo s  with 
Be nomy l  app l i cat ion had a s l ower degradat io n tha n  Fo no fo s  alon e i n  
both So i l  1 and So i l  2 .  Thi s  co i ncide nce sugges t e d  the pest i ci d e­
pest i c i de i nt eract io n p l ayed an impo rtant ro l e  o n  the Fo no fo s  degrada­
t io n. Bro nopo l is a bact e r i c i de ,  B e nomy l  is  a sys t emi c fung i c ide . 
Both hav e ant imi cro b ial  act ivity whi ch may affe ct popul at io ns o£  
bact eria and fun gi t o  de cr eas e the  rat e o f  deg radat io n o f  fo no fo s .  How­
ev er , Fo no fos  with PCNB , a so i l  fung i c ide , showed a fast er  degradat io n 
rout e t ha n  Fo no fos aJ o ne app l icat io n. 
F I G L ;�E �A 
Degradat ion Curve for F o n o f o s  App l i cat i on s  i n  So i l  
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Degradat ion of Et hoprop Appl i cat ions in So i l  1 and So i l  2 
Et hoprop appl i cat ions experienced a longer pers i s t e nce t han 
Terbufos and P horat e appl icat io ns . Figures SA and S B  show e d  th e 
degradat ion pat t erns o f  each E thoprop appl i cat ion. As in  the Phorat e 
and Fonofo s  degradat ion st udy , al l  appl i cat ions . of Ethoprop eJCperi ­
enced a s lower deg radat ion rout e  i n  So i l  1 than t hey d i d  i n  So i l  2 .  
This result sugg e s t s  again that s o i l  type has a great i nf l uence on 
pe st i cide  degradat ion .  Et hoprop with  B ronopo l appl i cat ion, as  we l l  as  
Ethoprop with B enomy l  appl i cat ion i n  So i l  2 ,  showed a very rapi d 
degradat i o n  in t he f i rs t  week . Both degraded from 11 . 4  ppm t o  2 .8 ppm , 
a loss  of 7 S %  rat e. Ethoprop wit h PCNB appl i cat ion in bot h  so i l s show­
ed a s lower degradat ion t han the E thoprop o nly appl i cat i o n  d i d ,  whi l e  
al l ot hers wer e  g o ne very qui ckly . 
Examinat io n o f  Phosphat as e Act ivity 
The ca l ibrat i o n  curve ,  Figure 6 was obtained by measuring the 
absorbanc e at A = 42 0 nm of 0 ,  1 ,  2 ,  3,  4 and S ml of 10 �g/ml 
p- nit ropheno l so lut io ns with Spe ct ro ni c 88  spe ct rophot omet er. It  show­
ed good linear ity in the  rang e of 2 0  t o  SO mg of p- nit roph e no l  s o l ut ion 
with ab s o rbances from 1 . 1 1 to  1 . 6S .  
The act ivit i e s  of pho sphat as e repo rt e d  i n  Tabl e 3A , 3B , 3C and 
3D are indices of the act ivity of mi c roflora invo lve d in  so i l  organi c 
pho sphat as e decompo s it ion .  Pho sphat ase act ivity was exami ne d at t he 
b eg inning , the 3 6t h  day , t he 65 th day , an d  t he end ,  l lOth day , aft er 
appl i cat ion fo r fo no fos and e thoprop. It  was as sayed at the begi nning, 
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F I G U RE 6 
Calibrat ion Curve for p -nitropheno l Solut i on 
::.> 
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(1) 
Ab s o rb an c e  
a t  
F i r s t  d a y  
So i l  0 . 7 
Fon o fo s  1 . 3  
F ono f o s  
1 . 0  
PCN B 
Fonofo s  0 . 9  
Bronopo l 
Fon o fo s  1 . 4  
B en omy l 
Et hoprop -
Et hop rop 
1 . 2  
PCNB 
Et hoprop . 
1 . 5 
B ro nopo l 
Et hop rop 
1 . 5  
B en omy l 
Ta b l e  3A : Pho sphat a s e  Act i v i t i e s  in So i l  1
� 
�g o f  p - n i t ro - A a t  3 7 t h  - llg A at 70 t h  - �g A at l l Ot h 
.Phono l re l ea s ed clay day d ay 
1 2  1 . 0 9 1 8  1 .  1 0  1 9  1 . 1 3 
30 1 . 3 30 1 .  35 33 1 . 5 8 
1 8  1 .  3 30 1 .  4 0  3 5  1 .  4 5  
2 6  1 .  2 9  3 0  1 .  3 8  3 4  1 .  4 2  
3 5  1 .  4 2  3 6  1 .  4 4  3 7  1 .  4 2  
- 1 . 4  3 5  1 .  5 1  4 0  1 .  86 
24 1 .  2 3  2 4  1 .  30 30 1 .  4 6  
4 0  - - 1 . 3 5 32 . 5  l .  4 4  
40 1 .  32 30 1 .  35 32 . 5  1 .  3 9  
� Al l v a l ues s hown i n  t h i s  t ab l e  a r e  t h e  a v e ra g e  v a l ue 
from t wo (o r  t h r e e) r ep l i cat es . 
* v a l ue was e s t imat ed by ext e n d in g s t an dard g raph . 
'V lJg 
1 9  
4 5  
3 7  
3 5  
3 5  
60 * 
3 7  
3 8  
3 5  
.p.. Q'\ 
Tab l e  38 : Pho s ph at a s e  Act i v i t y in So i l 2 � 
A at 1 s t  - 11g / g  s o i l / 
day un i t  t ime A at 3 5 t h  - lJg A at 6 3  .E&_ A at l l O t h 'llpg 
• 
So i l  l .  0 1  1 8  0 .  7 2  1 1  0 . 9  1 6  0 . 8 1 2 
Fono fo s 1 . 0  1 8  1 . 3  30 1 .  5 1  40 1 .  8 1  5 5 * 
Fonofo s  1 . 3 30 - - 1 . 6 8 4 7  1 .  8 8  6 2 * 
PCN B 
Fon o f o s  1 . 5 4 0  1 .  3 3  3 1 l .  6 3  4 6 1 . 7 8 5 3  
B ronopo 1 
Fonofos 1 . 6  46  1 .  2 7  2 9  1 . 4 5 3 8 1 .  86 60 * 
B en omy l 
Et hoprop 1 . 5  40 1 .  6 1  4 6  1 . 6 4 6  1 .  66 49 
Et hop rop 1 . 7 52  1 .  50 4 0  1 .  6 2  4 7  1 . 6 1 4 6  
PCN B 
Et hoprop 1 . 6 46  1 . 6 5 4 9  1 .  6 0  4 6  1 . 50 40 
Bronopo 1 
Et hop rop 1 . 2  2 4  1 .  5 1  4 0  1 . 66 4 9  1 . 90 6 3 * 
Bono my l 
� A l l va l ue s  s ho wn in t h i s  t ab l e  are t h e  av e rag e va l ue s . 
* Va l ue w a s  e s t imat ed by e xt e n d i n g  s t an da r d  g raph . 
.t:-
........ 
Tab l e  3C : Pho sph at a s e  Act i v it i e s  in So i l  1 � 
A a t  l st - }Jg A at 2 1 s t  
So i l  1 . 2  2 4  1 . 3  
P ho ra t e  l .  5 2  4 0  1 .  4 8  
Phorat e 
PCN B 1 .  3 1  30 1 .  6 4  
Phor a t e  
B ronopo l 1 . 6  4 6  1 . 0  
Pho r a t e 
B enomy l 1 .  4 5  3 7  2 . 2 4 
& A l l a re a v e r ag e v a l ue s  
\.'t k� - ,  J 
lJ& A at 4 8th 
30 1 . 2  
3 8  1 .  3 
4 7  1 . 2 9 
1 8  1 . 4  
- 1 . 3  
- �g 
2 4  
30 
30 
3 5  
3 0  
� 
00 
T ab l e  3 0 : Pho s ph a t a s e  Act i v it i e s  in So i l  2
� 
A at f i rs t  l-1& A at 1 8t h  l-lg 
-- -- -
So i l  1 . 4  3 5  1 . 6 4 6  
Phorat e 1 .  62 46 1 .  62 46 
Phorat e - - 1 .  2 8  30 
PCN B 
Phorat e 1 . 5 3 40 1 .  4 1  3 7  
B ronopo l 
P horat e 1 .  5 5  4 1  1 .  3 5  3 3  
B en omy l 
� A l l are a v e r ag e v a l ue s  
A at 2 8t h  
1 . 2  
1 .  3 8  
1 .  4 5  
. 1 .  2 0  
l-lg 
-
2 4  
3 4  
3 7  
2 4  
� 
1.0 
phorat e app l i cat ion s . Most  as says were don e with fro z en s o i l . The 
absorbances  of pho sphat a s e - generat ed p -nitropheno l showed goo d  agree-
ment b et we en fresh s o i l s  and fro z en s o i l s . So i l s  without any p e s t i -
5 0  
cide treatment had very s t ab l e  act ivit y from the b eg inning t o  the end . 
Phosphat as e act ivity for phorat e- treat ed so i l s  decreas ed with t ime , 
whi l e  pho sphat as e a ct iv it ies  for fonofos and ethoprop app l ic at i on s  
so i l s  in ceas ed with t im� . 
5 1  
CONC LUS IONS 
Degradat ion o f  t erbufo s , phorat e ,  fonofo s , an d ethoprop app l i ­
cat ions varies great ly with the so i l  typ e  an d t h e  pr e s en ce of  ot her 
pe s t i c i des . It  was found t hat t�ere are s ome int eract ion s  of p est i ­
ci des o n  thes e four organopho sphorus ins ect i ci des e ither in creas ing or 
reduc ing t he rat e of degradat ion . Fonofos with B ronopo l app l icat ion , 
fonofos with  Benomy l  app l i cat ion , and p�orat e with Bronopo l app l i cat ion 
in ceas ed pers ist en c e . Bronopo l an d B enomy l  have ant imi crob i a l  act i ­
vity whi ch may inhib it t h e  mi croorganisms in s o i l an d con s equen t ly 
caus e decreas ed degradat ion . A s imi lar result was a l s o  obs erved in 
t erbufos wit h  a PCN B -Terraz o le app l i cat ion as we l l  as phorat e with 
PCNB-Terrazo l e  app l i cat ion . It  was not iced that a l l  app l icat i ons show­
ed fas t er degradat ion in So i l  2 . than tho s e  in S o i l  1 .  Fonofo s  and 
ethoprop app l i cat ions showed longer pers i s t ence . On the other han d ,  
t erbufos an d phorat e app l i cat ions degraded much fas t er . 
According t o  Tu ' s  obs ervat ion ( 1 8) , pho rat e ,  fonofos , and 
et hoprop t r eat ed s o i ls  reduc ed the act ivity of phosphat as e in two 
weeks . However ,  in this s tudy over 3 8  days , act ivity for phorat e­
treat ed so i l s gen era l ly decr eas ed with t ime . In 1 1 0 - day perio d of 
t ime ,  t he act ivit ies of fonofo s and et hoprop app l icat ions s o i l s  
increas ed wit h t ime , and the p es t i cide- treat ed s o i l s  showed higher 
phosphat as e act ivity t han tho s e  s o i l s  without treatment . 
52 
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